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ABSTRACT 


Tho  nuturc  of  Kanagawu  phenomenon  (ICH)  of  Vibrio  parahaonolytlcus 
was  studied,  and  it  was  found  that  KH  is  an  expression  of  strong 
hemolytic  activity  in  modia  eontaini-.ig  high  concentration  of  NaCl, 
in  which  homoljrtic  factor  diffused  into  modia  rapidly,  Formontablo 
carbohydrate s pluyod  an  important  role  for  tho  production  of  KH  in 
media  containing  ?%  NaCl,  with  differont  K!I  puttoms  by  difforont 
carbohydrates.  The  promotion  of  growth  by  breakdown  products  of 
carbohydrates  and  lowered  pH  imrc  sunposod  to  influence  t'.o  production 
of  KH  factor.  In  tho  study  on  survival  of  V.  parahuanolyticus  at 
various  tomporatures  in  sea  uutor  and  3$  NaCl,  th  organism  ’ms 
found  to  grow  at  37  C and  20  C.  This  nrgunism  showod  a slow  growth 
in  jfi  NaCl  but  not  in  soa  water  ut  10C  or  below,  Tho  survival  timo 
of  this  organism  was  150  to  200  days  in  3$  NaCl  at  37  C to  10  C,  but 
was  short  and  variable  in  soa  viator.  Humber  of  viablo  colls  docroasod 
rapidly  at  4 C and  bolovr,  but  small  numbers  wore  culturod  up  to  5 to 
15  days.  The  survival  time  varied  by  strains  tested,  and  a tendency 
Tins  suggostod  that  strains  of  human  origin  survive  longer  than  marine 
strains  at  37  C with  tho  advorsc  result  ut  10  C or  below. 
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I. 

Nature  of  the  h'anagawa  phenomenon  of  Vibrio  parnh-aomolytlcus . 


1 , Introduction. 

The  Knnag-awa  phenomenon  of  Vibrio  parohacmolvticus , a clearly 
defined  hemolysis  on  specially  prepared  media,  ’-'-as  considered  closely 
related  to  the  cntcropathogonicity  (l),  and  several  reports  in  Japan 
indicated  that  strains  of  V.  parahaonolvticus  isolated  from  stools 
of  food  poisoning  patients  arc  Kanagavra  positive  (K+),  whereas  almost 
all  strains  from  marine  specimens  arc  Kanagam  negative  (K-)  (1,2). 

An  heat-stable  direct  hemolysin  was  recently  described  as  responsible 
for  the  Kanagawa  type  hemolysis  (KH)  (3).  However , reports  on  food 
poisoning  eases  associated  with  K-  strains  arc  accumulating  (4,5). 
and  experimental  results  on  the  relationship  between  this  hemolysis 
and  the  cntcropathogonicity  arc  contradictory,  as  reviewed  by  Twedt 
and  Brown  (6).  ':1c  reported  that  KH  is  supposed  to  be  quantitative 

rather  than  qualitative  in  nature,  and  to  be  an  expression  of  strong 
heme? ytic  activity  on  special  media  (7),  This  report  describes  the 
effect  of  carbohydrates  and  other  factors  on  KH, 

2,  I late rials  and  methods. 

Strains . Test  strains  listed  in  Table  1 wore  kindly  supplied 
by  R,  Sakazaki,  rational  Institute  of  Health,  Japan,  H.  2cn-Yo ji, 

Tokyo  Metropolitan  Research  Laboratory,  and  Y.  Hiyamoto,  Kanagawa 
Profcctural  Public  Health  Laboratory,  Japan.  These  included  some 
K-  strains  isolated  from  stools  of  diarrheal  patients.  Other  strains 
obtained  from  the  above  donors  were  used  in  an  experiment. 

Media.  Modified  ’Jagatsura  agar  (Eiken,  Japan)  added  with  5e 
human  erythrocytes  (WBA)  was  used  for  the  determination  of  KH.  In 
order  to  test  various  cffocts  on  KH,  ’Jagatsum.a  base  broth  composed 
of  C.5'/-  yeast  extract,  1 “/>  peptone,  7$  NaCl  and  0,00Cl/(  crystal  violet 
(pH  7,5)  prepared  according  to  the  formula  of  Wagatsuma  agar. 

KaCl  was  always  added  to  3/  in  the  other  media  used. 

Determination  of  hemolytic  activity.  KH  was  determined  according 
to  the  description  of  Miyamoto  ot  al,  (l),  3ricfly,  cultures  of  test 
strains  in  nutrient  broth  (1IB)  ’■’ere  streaked  linearly  on  WBA  plates, 
and  result  was  read,  after  incubation  for  24  hrs  at  37  C.  Well-defined 
clear  homolysis  around  tho  bacterial  growth  was  considered  as  positive, 
no  honolysls  as  negative,  and  very  narrow  zone  of  hemolysis  as 
doubtful.  The  observation  of  hemolysis  was  sometimes  extendod  to  48 
hrs.  For  tho  determination  of  diffused  hemolysins  into  solid  media, 
antibiotic  assay  cylinders  placed  on  VJBA  plates  wore  filled  with 
oxtracts  of  media,  and  hemolysis  around  cylinders  was  observed  after 
24  hrs  incubation  at  37  C. 

Determination  of  growth  and  pH.  The  growth  of  test  strains  in 
fluid  media  was  determined  by  colony  count  on  brom  thymol  bluo  teopol 
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Table  1,  Origin  and  designation  of  Vibrio  pcrahaeraolytlcus 


Strain 

no* 

Original 

designation 

Kanagawa 

hemolysis 

Source 

Donor  0 

i 

5507 

+ 

Fish 

Y,  Miyamoto 

3 

8?4l 

+ 

Responsible  fish 

Y.  Miyamoto 

5 

9065 

+ 

Responsible  fish 

Y,  Miyamoto 

8 

9379 

+ 

Patient’s  stool 

Y.  Miyamoto 

10 

9382 

+ 

Patient’s  stool 

Y.  Miyamoto 

12 

9384 

+ 

Patient’s  stool 

Y,  Miyamoto 

23 

T-3011 

+ 

Patient’s  stool 

H,  Zen-Yoji 

26 

T-3031 

+ 

Patient’s  stool 

H.  Zen-Yoji 

51 

9166 

- 

Patient's  r.tool 

Y.  Miyamoto 

54 

9369 

- 

Patient's  stool 

Y.  Miyamoto 

56 

8848 

- 

Fish 

Y.  Miyamoto 

57 

9331 

- 

Fish 

Y.  Miyamoto 

61 

70-3062 

- 

Fish 

R.  Sokazoki 

62 

70-3079 

- 

Fish 

R,  Sakazoki 

66 

T-3095-1 

- 

Patient's  stool 

H.  Zen-Yoji 

68 

T-3232-1 

- 

Patient’s  stool 

1.  Zen-Yoji 

a See  text. 
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agar  plutos,  or  turbidonetricall"  using  B i L Spootronic  20 
spectrophotonoter  at  540  nn«  The  pH  was  measured  with  Beckman 
Expandomatic  SS-2  pH  motor, 

3,  Results, 

Table  2 shows  tho  typical  KIT  of  strains  obtained  from  Japan. 
Strains  i’os,  1 through  30  ’.Tore  infomod  as  K+  by  the  donors,  and  all 
showed  positive  roaction  of  varying  dogrccs,  Strains  i’os,  51  through 
79  were  informed  us  K-,  but  three  of  them,  :,cs,  52,  5°  and  76  were 
consistently  K+  by  repeated  examinations . The  honolysis  tins 
intensified  after  4fi  hrs,  but  the  margin  was  not  well-defined. 

In  order  to  test  the  activity  of  diffused  hcnolytic  factors  into 
agur  underneath  and  around  the  buctcrial  growth,  ’,JBA  and  nutrient 
agar  (HA)  plates  wore  inoculated  with  K+  and  IC-  strains  and  incubatod 
for  24  hrs,  .vftor  swabbing  the  bactorial  lawn,  hemolytic  zone  of  MBA 
and  zone  of  bacterial  growth  of  Nit.  T»orc  cut  and  extracted  by  ropcatod 
freeze- thaid.ng.  The  extracts  ’.rcrc  sterilized  through  Milliporc  filter 
(0,^5/)  and  tested  the  activity.  Figure  1 illustrates  tho  homolytic 
activity  of  MBit,  extracts,  T”o  kinds  of  hemolytic  zones,  a cloarly 
defined  Ko -like  zone  around  the  cylinder  and  an  hazy  zone  around  the 
clear  zone,  T,crc  produced  by  all  extracts  without  qualitative 
difference  between  extracts  fron  K+  and  K-  cultures.  Only  difference 
was  that  the  extracts  of  MBA  cultured  with  K+  strains  producod  larger 
hcnolytic  zones  than  thoso  cultured  trith  II-  strains.  One  finding  to 
mentioned  is  that  the  hemolysis  undernoath  tho  bactorial  growth  of 
some  K—  strains  at  24  hrs  showed  a colored  map-like  appcaranco  with 
the  nixturo  of  cloar  and  greenish  red  zones,  while  zone  produced  by 
K+  strains  woro  clear. 

Figure  2 illustrates  the  hemolysis  of  cultured  NA  extracts  on 
MBA  plates.  Again,  no  qualitative  difference  was  noted  in  homolytic 
activities  between  agar  extracts  of  11+  and  K-  strains,  and  larger 
zones  were  produced  by  extracts  of  K+  strains  than  by  those  of  II- , 

The  hemolytic  pattern  was  the  same  with  MBA  extracts,  but  diameters 
of  zones  produced  by  NA  extracts  were  much  smaller  than  these  produced 
by  WBa  extracts.  These  results  suggest  that  hemolytic  factors 
produced  in  W3e.  and  NA  by  both  11+  and  K-  strains  aro  essentially  the 
same.  Mhen  the  extracts  were  tested  on  ordinary  blood  ugar  plates, 
u narrow  and  hazy  zone  of  hemolysis  without  cloar  margin  was  producod 
by  both  extracts  of  MBa  and  Na.,  and  no  difference  was  noted  between 
extracts  of  K+  and  K-  strains. 

The  hemolysis  of  K+  and  II-  strains  was  observed  on  Wugatsuma 
base  blood  agar  containing  0,5/o  carbohydrates  to  know  tho  of feet  of 
carbohydratos  on  ICH,  and  typical  results  arc  shown  in  Table  3.  No 
hemolysis  was  producod  by  K+  and  K-  strains  after  24  hrs  at  37  C in 
media  without  carbohydrates  or  ’Pith  non- fermentable  sucrose  and 
lactose,  but  KH-like  hemolysis  was  noted  at  24  hrs  in  the  prescnco 
of  fomcntablo  carbohydrates,  with  different  results  by  the  strains 
and  by  carbohydrates  added..  The  addition  of  maltoso  and  trehalose 
in  media  turnod  more  than  half  of  K-  strains  into  positive,  and  most 
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Tnblo  2,  Knnagawn  typo  homolysis  of  Vibrio 


n Uos.  1-30  are  informed  as  Kan-igaua  +,  and  51" 59  as 
Kanngawa 


b Hours  of  observation. 

c Homolytic  zones;  + = 1.5  mm  or  loss,  4+  = 1.5  - 3.0, 
+++  - 3*1  or  more, 
d Clear  but  hazy  margin. 


W 


Figure  1.  Hemolysis  of  Wagatsunn  blood  agar  by  extracts  of  VJagatsunn 
blood  agar  cultured  with  Kanagava  positive  and  negative 
Strains  of  Vibrio  parahaeroolvticus.  Upper  left,  strain 
No.  8 (K+);  lover  left,  12  (K+);  upper  right,  51  (K~); 
and  lover  right,  6ft  (K-).  Dark  zone  around  cylinder  is 
clear  hemolysis  with  distinct  margin,  and  outer  zone 
ir  hazy  hemolysis  1'd.thout  distinct  margin. 


Figure  2.  Hemolysis  of  'tagatsuma  blood  agar  by  extracts  of  nutrient 
agar  ('),’■  KaCl)  cultured  with  Kan-agav.  positive  and 
negative  strains  of  Vibrio  parahaemolvticus . Upper  left, 
■strain  Ho.  B (Kt);  lover  left,.  12  (K+);  upper  right,  51 
(K-);  and  lover  right,  6R  (K-).  Dario  zone  around  cylinder 
is  clear  hemolysis  with  distinct  margin,  and  outer  zone 
is  hazy  homolysis  vithout  distinct  margin. 
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Table  3*  Effects  of  cnrb'-hydra-toa  '>n  K.ir.agavn.  type  hemolysis*1 
of  Vibrio  parahaemolytlcus 


Strain 

no. 

Hone 

Lac- 

tose 

Suc- 

rose 

Dext- 

rose1-1 

Manni- 

tol 

Man- 

nose 

Mal- 

tose 

Galac- 

tose 

Treha- 

lose 

Arabi- 

nose 

1 

_c 

- 

- 

+ 

+ 

+ 

+ 

- 

- 

+ 

3 

- 

- 

- 

++ 

+ 

+ 

+ 

- 

+ 

- 

5 

- 

- 

- 

+ 

+ 

+ 

+ 

- 

+ 

- 

8 

- 

- 

- 

+ 

+ 

+ 

+ 

- 

+ 

- 

10 

- 

- 

- 

+ 

+ 

+ 

+ 

+ 

+ 

- 

12 

- 

- 

- 

++ 

+ 

+ 

+ 

- 

+ 

+ 

23 

- 

- 

- 

-H- 

+ 

+ 

+ 

- 

- 

- 

26 

- 

- 

- 

++ 

+ 

+ 

+ 

+ 

+ 

+ 

51 

- 

- 

- 

+ 

- 

+ 

+■ 

- 

+ 

- 

- 

- 

- 

+ 

- 

- 

- 

- 

+ 

- 

56 

- 

- 

- 

+ 

- 

- 

+ 

- 

+ 

- 

57 

- 

- 

- 

+ 

- 

+ 

4. 

+ 

- 

61 

- 

- 

- 

+ 

- 

+ 

- 

- 

- 

62 

- 

- 

- 

+ 

- 

+ 

- 

- 

- 

- 

66 

- 

- 

- 

+ 

- 

+ 

+ 

- 

+ 

+ 

68 

_ 

+ 

_ 

_ 

+ 

+ 



+ 

G Wagatsuma  base  blood  agar  (soe  text)  is  incorporated  with 
<1,5$  carbohydrutos, 

b Bacterial  growth  is  frequently  surrounded  by  brownish  turbidity. 
c negative  and  +,  positive,  after  Z1*  hrs. 
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K+  strains  bocanc  negative  in  the  presence  of  galactose  and  aribinose. 
The  positive  homolysis  of  some  K-  struins  was  notod  in  mannoso- 
containing  media.  The  KH-liko  honolysis  of  largo  zone  was  produced 
by  both  K+  and  K-  strains  in  doxtroso-contuining  modiu,  but  tho 
buctcriul  growth  was  frequently  surrounded  by  brownish  turbid  zone, 

Next  studied  was  the  effect  of  I-’aCl  concentrations  in  media 
(Table  4),  In  case  mannitol  was  incorporated,  K+  strains  produced 
cleur  KH-like  hemolysis  of  lurge  zone  after  24  hrs  in  trypticase  soy 
blood  agar  containing  7$  NaCI,  but  K-  strains  did  not,  Then  HaCl  was 
reduced  to  Jp  in  this  medium,  ull  Kf  and.  u majority  of  K-  strains 
showed  clear  but  a narrow  zone  of  hemolysis  without  distinct  margin, 
and  this  is  not  likely  to  be  KH,  The  KH-like  hemolysis  was  also 
produced  by  K+  strains  in  NA  containing  blood  and  7$  HaCl,  out  not  in 
NA  containing  blood  and  HaCl  where  all  K+  and  most  K-  strains 
produced  hemolysis  of  hazy  margin.  The  inclusion  of  dextrose  in  media 
containing  7%  HaCl  produced  clear  KH-like  hemolysis  by  both  K+  and  K- 
strains,  but  tho  brownish  turbid  zone  was  frequently  noted  around  the 
bacterial  growth.  The  hemolysis  was  different  from  KH  in  media  with 
dextrose  and  jf>  NaCI,  and  most  strains  shoved  a tondency  of  swarming 
growth.  The  swarming  growth  was  also  notod  in  WBA  containing  3$  NaCI, 
In  an  experiment,  vo  notod  that  KH-likc  finding  began  to  appear  when 
NaCI  concentration  ms  5$  or  more, 

Throo  test  strains;  No,  5 which  was  K+  with  mannitol  and  mannose; 
No,  54,  K-  with  mannitol  and  mannoso;  and  No,  61,  K-  with  mannitol 
und  K+  with  mannoso,  wore  solcctod  to  study  the  relationship  botwcon 
KH  and  change  of  pi  I in  modio.  Strains  wore  inoculatod  on  Wugatsumo 
baso  blood  agar  containing  munnitol  or  mannoso  and  incubatod  at  3?  C. 
The  buctorial  growth  was  swabbod  and  agar  underneath  the  bactorial 
lawn  >r"3  ~ it.  One  gm  of  modia  was  extracted  in  9 ml  of  distill od 
wator,  and  pH  was  dotorminod  in  rolation  with  tho  hemolysis  (Tabic  5), 
K+  strains  initiated  KH  from  15  hrs  in  tho  prosoncc  of  mannitol, 
whilo  K-  strains  shoTrod.  homolysis  of  hazy  margin  aftor  46  hrs.  Tho 
pH  of  modia  decreased,  gradually  during  18  hrs  of  incubation  and  then 
incroasod  at  24  and  46  hrs,  and  the  decrease  was  moro  mark'd  in  modia 
grown  with  K+  strains  than  in  modia  grown  with  K-,  Tho  addition  of 
mannoso  in  modia  producod  similar  re  suits  with  mannitol -containing 
modia,  oxccpt  for  No,  5 by  which  p?!  of  modia  docroasod  to  5*4  at  18 
hrs  with  the  concomitant  brownish  turbidity  in  modia,  especially  in 
case  modia  woro  hoavily  inoculatod..  The  pH  and  tho  color  chango  of 
modia  romainod  tho  same  level  during  subsoquont  incubation.  When 
modia  wore  inoculatod  lightly  with  No,  5»  pb  docroasod  to  6,0  aftor 
18  hrs  with  positive  KH, 

Tabic  6 shows  the  growth  of  tost  strains  and  chango  of  pH  in 
200  nil  of  ’Tagatsum  buso  broth  without  and  with  mannitol  or  mannoso, 
inoculated  trith  0.1  ml  of  cultures  in  NB  for  18  hrs.  Only  slight 
docrouso  of  pH  was  obsorvod  during  the  incubution  for  9 to  24  hrs  in 
tho  absonco  of  formontablo  carbohydrates,  with  gradual  docrouso  of 
light  transmittance  of  modia  duo  to  tho  buctorial  growth,  In  the 
prosoneo  of  mannitol  or  mannoso,  the  bacterial  growth  was  accolorutod, 
and  tho  mar kod  docroasc  of  pH  was  obsorvod  at  15  hrs  of  incubation 
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Tabic  4.  Effect  of  NnCl  concentrations  on  Kanagawa  type  homolysis 
of  Vibrio  parnhaomolvticus 


Strain 

TSJW7yi 

TSiW  3/? 

MaCl 

N/+7,4  NaClb 

MaCl 

no. 

Manc 

Dox^ 

Man 

Dex 

Man 

Dex 

Man 

Dex 

1 

K+° 

K+ 

++f 

44- 

IC+ 

K4- 

+ 

+ 

3 

K+ 

K+ 

4-4 

4+ 

K+ 

K+ 

+ 

4- 

5 

K+ 

K+ 

++ 

++ 

K± 

K+ 

+ 

+ 

8 

K+ 

K+ 

++ 

++ 

K+ 

K+ 

+ 

+ 

10 

K+ 

K+ 

+ 

-H- 

K+ 

K+ 

+ 

4- 

12 

K+ 

K+ 

+ 

++ 

K4- 

K+ 

4- 

+ 

23 

K+ 

K+ 

+ 

++ 

K+ 

K+ 

+ 

4- 

26 

K+ 

K+ 

+ 

4+ 

K+ 

Kj- 

+ 

+ 

51 

K- 

11+ 

+ 

4+ 

X- 

IJr 

+ 

+ 

54 

X- 

K+ 

+ 

4- 

K- 

Iv+ 

+ 

+ 

56 

X- 

K+ 

+ 

4-4- 

K- 

Kt 

+ 

+ 

? 

K- 

K+ 

+ 

4-4- 

K- 

X4- 

4- 

4- 

6l 

K- 

;c+ 

- 

4- 

K- 

K+ 

4- 

+ 

62 

K- 

K+ 

+ 

44- 

K- 

K+ 

+ 

4+ 

66 

K- 

K+ 

+ 

+ 

K- 

K+ 

4- 

4- 

68 

K- 

K+ 

+ 

4-4- 

K- 

K+ 

+ 

+ 

a Trypticaso  soy  -’.gar  with  5.  erythrocytes  and  NaCl. 
b I'utriont  agar  Tnth  5*  crythrocytos  and  MaCl, 
c Mannitol , 
d Dextrose. 

c Knnagavn  typo  hemolysis,  + - positive,  - = negativo,  at  24  hrs. 
f Ordinal  hemolysin  (beta)  without  clear  margin, 

++  = strongly  positive,  at  24  hrs. 
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Table  5.  Change  of  pH  and  Kanagawa  type  hemolysis  of  Vibrio 
parahaemolvticus  on  Wagatsuma  blood  agar 


Carbo- 

Strain 

Hours  of  incubation 

hydrate 

added 

no,a 

0 

6 

9 

15 

1ft 

24 

4ft 

Manni- 

5 

ft.2b 

7.7 

7.2 

6.0 

5.7 

5.8 

8.7 

tol 

_c 

- 

- 

+ 

+ 

+ 

+d 

54 

8.2 

7.9 

7.6 

7.0 

7.0 

7.4 

8.7 

+ 

61 

8.2 

7.7 

6.9 

7.4 

7.4 

7.8 

8.8 

+ 

Man- 

59 

8.2 

6.8 

6.4 

5.5 

5.4 

5.4 

5.* 

noso 

- 

- 

- 

+ 

bb 

B 

B 

5f 

8.2 

7.5 

7.0 

6.2 

6.0 

+ 

6.9 

+ 

8.8 

+ 

5* 

8.2 

7.9 

7.7 

6.3 

6.8 

7.9 

8.7 

+ 

6l 

8.2 

7.3 

6.6 

5.3 

+ 

6.3 

+ 

6.9 

+ 

8.6 

+ 

a No.  5 = Kanagawa  + with  mannitol  and  mannose,  $1  a K-  with 
mannitol  and  mannose,  6l  = K-  with  mannitol  and  K+  with 
mannose, 
k p’{  of  agar. 

° Kanagawa  hemolysis,  + = positive,  - = negative,  + = doubtful. 
d Margin  of  hemolysis  becomo  hazy  after  4ft  hrs, 
e Heavily  inoculated, 
f Lightly  inoculated. 

B Chocolate-like  brownish  turbidity  in  media. 
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fahle  6.  Growth  of  Vibrio  parahaemolytlcus  and  change  of  pH 

in  Wugutsuma  brothu 


Carbo- 

Strain 

Tfcurs  of  observation 

hydrate 

added 

no  »b 

Test 

0 

6 

9 

15 

18 

24 

48 

None 

5 

pH 

7.65 

7.65 

7.25 

7.5  0 

7.45 

7.10 

7.45 

T 

100 

92 

77 

69 

65 

57 

60 

54 

pH 

7.55 

7.55 

7.55 

7.00 

6.95 

6.85 

7.40 

T 

100 

100 

100 

75 

69 

67 

55 

61 

pH 

7.55 

7.53 

6,85 

6.83 

6,90 

7.10 

7.55 

T 

100 

88 

6l 

59 

59 

57 

47 

Manni- 

5 

pH 

7.60 

7.60 

7.20 

5.95 

5.95 

5.85 

5.85 

tol 

T 

100 

89 

57 

44 

44 

44 

44 

54 

pH 

7.60 

7.50 

7.60 

6.90 

6.30 

6.00 

5.70 

T 

100 

100 

100 

70 

43 

37 

22 

61 

PH 

7.60 

7.50 

6.10 

5.70 

5.60 

5.80 

5.80 

T 

100 

88 

47 

34 

35 

28 

18 

Man- 

5 

pH 

7.55 

7.55 

7.25 

5.50 

5.45 

5.43 

5.35 

nose 

T 

100 

89 

74 

39 

38 

42 

44 

51 

pH 

7.55 

7.55 

7.55 

7.10 

6.60 

5.63 

5.35 

T 

100 

95 

94 

76 

64 

52 

49 

6l 

PH 

7.50 

7.30 

6.20 

5.35 

5.32 

5.40 

5.40 

T 

100 

80 

4? 

35 

32 

30 

29 

a Wagatsuraa  base  broth  (see  text)  with  or  without  carbohydrates# 
b xJo.  5 = Kanagawa  + with  mannitol  and  mannose,  $4  = K-  with 
mannitol  and  mannose,  6l  = K-  with  mannitol  und  K+  with 
mannose, 

c T = Percent  transmittance  of  light  at  540  ran. 


with  a littlo  narked  doe rouse  in  nannoso-containing  nodiu  than  in 
nannitol -added  nodia.  Strain  Ho,  54  soonod  to  show  u little  slow 
initial  growth  as  compurod  Trith  the  othor  tost  struins, 

Tho  growth  of  K+  and  K-  struins  was  compurcd  in  fluid  nodia 
(Tablo  7).  Test  strains  showed  a poorer  growth  in  Wagatsum  base 
broth  containing  mannitol  than  in  118,  and  tho  incroasc  of  HaCl 
concentration  to  8£  rosultod  in  tho  docroasc  of  colony  counts.  The 
addition  of  orythrocytos  in  Wugutsuma  baso  broth  did  not  improvo 
tho  growth. 

Tho  growth  of  V.  parahaomolyticus  was  studied  in  bufferod 
peptone  wator  of  varying  pH  (Table  ft),'  All  strains  failed  to  grow 
at  pH  5,2,  and  sono  struins  did  not  ovon  ut  pH  5*3  or  5.4.  Again, 
thorc  was  no  difference  in  pH  limit  of  growth  between  K+  and  K- 
strains. 

Test  strains  woro  inoculutod  on  ’.Ba  of  different  pH  in  ordor  to 
know  tho  effect  of  pH  on  tho  growth  on  solid  media,  WBA  has  a 
tondoncy  of  becoming  brownish  when  pH  ms  lowered  to  5.4.  _ No  growth 
of  inocula  was  noted  at  pH  5*3  and  vory  scanty  growth  at  pH  5*4. 

VThon  orythrocytos  wore  suspended  in  buffors  of  difforent  pH 
containing  NuCl,  only  faint  brownish  hemolysis  was  observed  uftor 
24  hrs  ut  pH  5.3  or  lowor,  indicating  that  low  pH  only  is  not  tho 
cause  of  KH, 

4,  Discussion, 

Even  though  KH  of  V,  parahaomolyticus  was  roportod  to  bo  a 
special  homolysis  which  is  clearly  identified  on  specially  prepared 
ncida  (1),  our  results  indicated  thut  the  active  factor  was  prod.ucod. 
ovon  in  HA,  Sovoral  investigators  considorod.  a thomo stable  diroct 
hemolysin  to  bo  responsible  for  KH  (3,8,9),  and  roportod  tho 
purification  of  this  factor  from  15  to  18  hr-culturos  of  K+  strains 
but  not  from  those  of  X-  <8,9).  K+  strains  initiutod  K+  reaction 
from  15  to  18  hrs  of  incubation  in  WBA,  and  tho  short  incubution  timo 
may  bo  not  enough  for  K-  strains  to  produco  sufficient  K*I  fuctor  to 
bo  determined,  KH  was  cloarly  demonstrated  in  WBA  but  not  in  NA, 
and  this  result  may  he  duo  to  the  difference  of  1-IaCl  concentrations 
which  would  influence  the  dif fusibility  of  tho  factor,  as  KH-liko 
hemolysis  --rus  obsorvod  in  nutrient  and  trypticusc  soy  blood  agars 
containing  7$  but  not  in  media  containing  3$  NuCl. 

The  presence  of  fcmontublc  carbohydrates  is  indisponsablo  for 
KH  with  differont  results  by  different  carbohydrates.  Our  rosults 
suggest  that  the  grot rth  of  y,  parahaonolyticus  is  responsible  for 
KH.  Iffirt,  is  a poor  nediur-  itself,  possibly  due  to  the  high  NuCl 
content,  and  broakdoim  products  of  carbohydrates  wore  supposod  to 
promote  tho  growth.  Tho  acidic  condition  of  media  produced,  by  tho 
fomentation  of  carbohydrates  nay  also  favor  tho  growth  of  somo 
strains,  as  statod  by  Barrow  and  Hiller  (10),  Thoro  is  also  a 
possibility  thut  low  pH  nay  influonco  the  production  of  KH  factor, 
since  KH  was  obsorvod  when  pH  of  media  was  around  6.0  or  lowor. 
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Table  7.  Growth  of  Vibrio  pa rahaemolyti cus  in  various  media 


liedium 

Strain 

Hours  of 

observation 

no* 

0 

1 

3 

6 

24 

!-’utriont 

broth 

i 

56  5h 

725 

1,940 

780,000 

35,700,000 

3$  VaCl 

51 

175 

370 

1.870 

1,010,000 

30,800,000 

Wagatsuma 

broth“ 

1 

320 

255 

585 

13,^00 

5,900,000 

7$  NaCl 

51 

203 

226 

621 

14,500 

3,600,000 

Wagatsuma 

broth 

1 

181 

277 

305 

1,950 

1,950,000 

8$  Nacl 

51 

316 

331 

28? 

1.380 

1,100,000 

Wagatsuma 

broth 

1 

543 

485 

436 

12,400 

3,200,000 

7$  I’aCl 
5$  RBC 

51 

562 

377 

635 

20,200 

4,620,000 

a Wagatsuma  base  broth  with  0.5$  mannitol  and  varying  concn, 
of  KaCl. 

k Humber  of  viable  cells  per  0,1  ml. 
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Table  8.  Effect  of  pH  on  growth  of  Vibrio 
parahaenolytlcus  in  NuCl  yeast 
extruct  peptone  water* 


Strain 

no. 

Inoculum 

(Fo/0,lml) 

5.4b 

5.3 

5.2 

1 

560 

+c 

+ 

- 

3 

520 

++ 

+ 

- 

5 

270 

++ 

- 

8 

1,040 

+ 

+ 

- 

10 

1,380 

+■ 

- 

** 

12 

950 

- 

- 

- 

23 

1,210 

- 

- 

- 

26 

175 

+ 

- 

51 

1,880 

-h- 

+ 

- 

5^ 

690 

-f 

- 

56 

870 

+ 

- 

- 

57 

390 

++ 

++ 

- 

61 

2,110 

+ 

+ 

- 

62 

1,900 

+ 

- 

- 

66 

2,200 

+ 

+ 

- 

68 

. 140 

+ 

a Strains  are  inoculated  in  a medium  containing 
JjL  I'JaCl,  0.554  yeast  extract  and  1$  peptone 
in  0.01  M phosphate  buffer  (pH  8.5),  and 
Incubated  for  24  hrs  at  3?  C, 

b pH. 

c Growth  is  determined  turbidometrically  at  5^  ran. 
++  = 79*  or  loss  in  light  transmittance  (IT), 

+ = 80  - 89$  LT,  + = 90  - 99*  LT,  and  - = 100* 
LT. 
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The  result  that  Wagatsuma  base  blood  ugur  with  mannose  showed 
sometimes  brownish  turbidity  by  the  heavy  growth  of  some  K+  strains 
with  lowered  pH  to  5.4,  and  the  same  change  around  the  bacterial 
growth  in  the  mediu  containing  dextrose,  indicate  that  some 
carbohydrates  lead  to  the  loworod  pH  level  at  which  brownish  change 
occurs  in  media  containing  blood, 

With  those  findings,  we  suppose  that  V.  parahaemolyticus  has 
different  abilities  to  produce  KH  factor  by  strains,  and  the  addition 
of  fermcntablo  carbohydrutos  nay  result  in  the  pronotion  of  growth 
with  increased  hemolysin  production  by  the  breakdown  products  in 
poor  mediu  containing  7$  NuCl.  The  KH  factor  could  diffuse  rapidly 
in  mediu  of  high  NuCl  content,  and  tho  quantitative  difference  of  tho 
KH  factor  would  be  demonstrated  easily  and  clearly,  Thoro  is  a 
possibility  that  lowered  pH  and  breakdown  products  of  carbohydrutos 
may  play  some  roles  on  the  production  of  the  factor.  Different 
carbohydrutos  producod  different  KH  patterns.  The  relationship 
botwocn  KH  and  pathogonicity  of  V.  parahacmolyticus  was  determined 
on  empirical  base  (l),  and  it  is  not  likoly  that  tho  rapid  hemolysin 
production  in  mannitol-containing  media  is  only  relatod  to  tho 
ontcro pathogonicity  of  this  organism.  Our  results  of  limited 
animal  exporinonts  showed  no  relationship  botwocn  tho  pathogenicity 
and  K'i  (7). 

5.  Summary. 

Kanagawa  typo  homolysis  (KH)  of  Vibrio  pa rahaemolyti cus  was 
studied,  and  it  ms  found  that  KH  factor  was  produced  in  V/ugntsumn 
blood  agar  and  in  nutriont  agar  containing  3$  NaCl,  and  tho  difference 
in  the  KH  was  considered,  to  bo  quantitative.  Tho  addition  of 
fcrmontablc  carbohydrutos  is  ossential  for  KH  with  difforont  KH 
puttoms  by  different  carbohydratos.  KH  was  obsorvod  not  only  in 
Wagatsumu  blood  agar  but  also  in  nutriont  and  trypticasc  soy  blood 
agars  containing  It  NaCl,  but  not  in  media  containing  3$  NaCl . 
Formontublc  carbohydratos  pronotod  tho  growth  of  V.  parahaemolyticus 
in  poor  media  containing  7?  NuCl  and  loworod  pH  of  media. 


(14) 


Literature  cited 


1.  Miyamoto,  Y. , T.  Knto,  T.  Obnra,  S.  Akiyama,  K.  Takiznwa,  and  S. 

Yamal,  1969.  In  vitro  hemolytic  characteristics  of  Vibrio 
parahaomolyticus : Its  close  correlation  ”ith  human 

pathogenicity,  J,  Bactcriol.  100:1147-1149. 

2.  Sakozoki,  R. , K.  T-amur-a,  T.  a -a  to , Y.  Obnra,  S.  Yaroni,  and  K,  Hobo. 

1968.  Studies  on  the  ontoropnthogenic,  facultatively  halophllic 
bacteria,  Vibrio  pamhaomclvticus . III.  Enteropathogonicity. 
Jan,  J.  Mod,  Sci,  Biol.  21: 325-331. 

3.  Y.anagaso,  Y. , K.  Inouo,  H,  Ozaki,  T.  Ochi,  T.  Amano,  and  M. 

Chazono.  1970,  Hemolysins  and  related  enzymes  of  Vibrio 
parah-aemolyticus , I,  Identification  and  partial  purification 
of  onzynos.  Biken  J,  1 3 * 77-92. 

4.  Kolonda,  J.  D»,  V.  G,  Johnson,  M Fishboin,  3.  Wontz,  I.  J. 

Mohlman,  and  T,  A.  Dasismn,  Jr.  1972.  Vibrio  parnhacmolytlcus 
gastroontoritis  in  Maryland.:.  Laboratory  aspocts.  Appl, 
Microbiol.  24:444-448. 

5.  Terramoto,  T. , H.  Nakanishi,  K.  Maeshima,  and  T.  Mivmt.ani.  1971. 

On  the  case  of  food  poisoning  caused  by  presumptive  Kanagawa 
phenomenon  nogativc  strains  (in  Japanese),  Media  Circle  l6i 
174-177. 


6.  Twedt,  R.  L.,  and  D.  F.  Brown.  1973.  Vibrio  parahaenolyticus; 

Infection  or  toxicosis.  J,  Mil j Food  Tcchnol.  36:129-204. 

7.  Chun,  D.,  J.  K.  Chung,  and  R.  Tak.  19?4.  Borne  observations  on 

Kanagawa  type  hcmol’’'sis  of  Vibrio  p ar ah ncmolyti cu s . op,  199-204, 

In  Fujlno,  T.,  G.  Sakaguchi,  R,  Sakazaki,  and  T.  Takodn  (ed.), 
Intern.  Symp.  on  Vibrio  parnhacmolvticus  (1973),  G aikon  Publ,  Co., 
Tokyo,  Japan, 

a,  Sakurai,  J.,  A.  Matsuzaki,  and  T.  Miwatani.  1973.  Purification 
and  charactorizaticn  of  thermostable  direct  hemolysin  of  Vibrio 
parahaomolvticus . Infoc,  Immun.  3: 775-7^0. 

9.  Sakurai,  J.,  A,  Matsuzaki,  Y.  Takodn,  and  T.  Miwatani.  1974. 

Existence  of  two  distinct  hemolysins  in  Vibrio  par  ah  aomolyti cus . 
Infee . Immun.  5-' 777-780. 

10.  Barrow,  G.  I.,  and  D.  C.  Miller,  1974.  Growth  studios  on 

Vibrio  parahaomolvticus  in  relation  to  pathogenicity,  pp.  20 5~ 
210.  In  Fujino,  T.,  G.  Sakaguchi,  R.  Sakazaki,  and  T.  Takodn 
(ed, ),  Intern.  Syrop.  on  Vibrio  parahaenolyticus  (1973).  Saikon 
Publ.  Co.,  Tokyo,  Japan. 


(15) 


II. 


Survival  of  Vibrio  parahaomolvticu s at  various  tcmporaturos. 


1 , Introduction . 

It  is  well  known  that  tho  incidonco  of  Vibrio  parahacnolvticus 
in  rnarino  environments  is  closely  correlated  with  irtifcor  tempowture, 
and  the  rise  of  tho  level  of  this  organism  in  soa  water  appears  to 
coincide  with  tho  spring-summor  warming  of  ostuarino  and  coastal  soa 
water  during  April  through  October  (1-4),  This  organism  could  not  be 
detected  in  wator  during  wintor  months  although  it  was  culturod  from 
sea  sediment,  and  the  critical  temperature  for  growth  was  roportod  to 
be  around  10  C or  higher  in  marine  environments  (1,4,5).  This  study 
was  carried  out  to  know  the  relationship  between  tomporaturo  and  tho 
survival  of  V.  parahaomolvticus  in  sea  water  and  NaCl  solution, 

2,  Materials  and  methods. 

Sea  water  was  collected  in  winter  from  a beach,  and  was 
refrigerated  for  about  two  months  to  roducc  marine  bacteria,  Whon 
V.  parahacnolvticus  was  not  detected,  the  soa  water  was  used  for 
experiments,  ovon  it  contained  a snail  numbor  of  organisms  othor  than 
V,  parahaomolvticus . The  Cl~  ion  concentration  was  2.48$  and  pH  was 
8,5,  Sea  water  was  divided  into  four  parts;  ono  part  x«*s  non- treated, 
and  tho  others  woro  treated  as  follows;  filtration  through  Chamborland 
L3  filter,  boiling  for  30  minutes,  and  sonication  for  20  minutes  with 
Browwall  Biosonic  II  oscillator.  Treated  and  non-troatod  soa  wator 
and  3$  NaCl  in  double  distilled  wator  woro  dispensed  in  large  tubes. 

Four  strains  of  V,  parahaomolvticus  were  used  for  tho  study.  Two 
strains  Nos,  P3  (K3)  and  Pll  (K55)  woro  isolatod  from  stools  of 
diarrheal  patients  in  this  laboratory,  and  tho  othor  two,  Nos.  444 
(K34)  and  445  (K42)  woro  isolated  fron  sea  fish.  An  equal  amount  of 
cultures  of  tost  strains  in  nutriont  broth  containing  3$  NaCl  was 
mixod,  diluted  to  1,000  times  with  3$  NaCl,  and  0.4  ml  wero 
inoculated  in  50  ml  of  sea  water  and  3$  NaCl.  Viable  colls  of  oaeh 
tost  strains  inoculated  were  900  to  3|100  per  0,1  ml  of  test  media. 

The  tost  modia  wore  then  boing  held  at  37  0,  20  C,  10  C,  4 C,  -10  C 
and  -20  C,  and  shaking  was  avoided  during  tho  incubation,  oxcopt  for 
the  time  of  counting  viable  cells.  The  survival  of  organisms  was 
observed  by  colon;’’  count  in  0.1  ml  of  media  on  brom  thymol  blue  toopol 
agar  platos  at  various  intervals, 

3,  Results, 

Table  1 shows  the  survival  of  test  organisms  at  37  C,  The  number 
of  organisms  increased  significantly  during  incubation  for  ono  t®'  two 
days  in  all  modia,  especially  in  3$  NaCl,  and  then  decreased  gradually 
following  incubation.  Organisms  wero  cultured  in  considerably  largo 
numbers  evoK-  aftor  100  days  in  3$  NaCl,  and  in  about  an  half  numbers 
of  inoculatod  at  50  days  in  flltcrod  soa  wator.  Tho  survival  in 
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Table  1.  Survival  of  Vibrio  pa ra haer.olyti cus  in  sea  water 
and  Jh  NaCl  at  37  C 


_ _ Treatment  of 

Davs  of  


observ. 

None 

Filtered 

0 

?,600a 

4,900 

1 

232,000 

84,000 

2 

400,000 

210,000 

3 

114,000 

82,000 

5 

23,000 

48,000 

10 

5,400 

45,000 

15 

3,200 

16,000 

20 

670 

9.000 

30 

194 

9,700 

4ob 

37u 

4,900 

50 

29b 

2,180*> 

60 

0 

1,290 

70 

0 

870 

80 

0 

810 

90 

0 

480 

100 

0 

106 

150 

0 

0 

200 

0 

0 

sea  water 

KaCl 

Boiled  Sonicated 


8.100 

5,000 

5,000 

70,000 

131,000 

879,000 

230,000 

256,000 

668,000 

125,000 

85,000 

525,000 

93,000 

16,000 

382,000 

53,000 

28,000 

150,000 

1,230 

830 

90,000 

184 

79 

82,000 

135 

64 

81,000 

74b 

77h 

46,000 

80 

54b 

27,000b 

0 

27 

7,200 

0 

16 

5,300 

0 

11 

3,200 

0 

0 

2,100 

0 

0 

1,600 

0 

0 

45 

0 

0 

0 

a A mixture  of  broth  cultures  of  test  strains  was  diluted, 
inoculated  in  test  media,  and  number  of  viable  cells  in 
0.1  ail  was  counted, 

b Colonies  were  serotyped  (see  text). 
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non-troutod,  boilod  and  sonicated  sea  wator  was  shorter  than  in 
filtorod  sou  wator,  and  organisms  vero  not  cultures  uftor  60  to  90 
days,  it  40  to  50  days  of  incubation,  colonios  soloetod  at  rondos 
wore  scro typed,  all  from  non-troatod  soa  wator  and  jjL  NaCl  wore  typod 
as  P3»  The  ratios  of  P3  and  444  in  filtorod,  boilod  und  sonicatod 
sea  wutor  woro  19il,  3«1  and  4il,  rospoctivoly,  and  no  colonios  wore 
typod  into  Pll  and  445, 

When  test  media  were  being  hold  at  20  C,  the  increase  in  number 
of  organisms  woe  observed  in  2 to  5 days  and  followed  by  gradual 
decrease  (Table  2),  Large  numbers  of  viable  cells  were  counted  in 
yf>  MaCl  even  after  250  days,  and  it  seemed  that  this  organism  was 
stabilised  by  prolonged  incubation  in  j}  MaCl  at  this  temperature. 

Only  small  numbers  of  V.  parahacnolytlcus  survived  up  to  40  to  70 
days  in  treated  and  non-treated  3ea  water,  with  a little  longer 
survival  in  filtered  sea  water.  Colonios  cultured  from  sea  water  at 
20  to  50  days  and  those  from  yf  MaCl  at  100  days  were  prodomi natly 
444,  and  only  a small  numbers  of  P3  wero  typod.  Fo  colony  belonging 
to  Pll  and  445  was  typod. 

The  survival  of  V,  parahaemolytlcus  at  10  C is  shown  in  Table  3. 
Number  of  viable  colls  incron sod  gradually  with  maximum  numbers  at 
5 to  20  days  in  NuCl,  und  persisted  in  smull  numbors  for  more 
than  200  days.  In  soa  wo ter,  viable  cells  persistod  5 to  30  days 
without  initiul  increase  in  numbors,  with  a littlo  longor  persistence 
in  filtered  sou  wutor  than  in  cthors.  Colonies  woro  typod  at  5 to  50 
days  and  all  wero  classifiod  into  444, 

Table  4 shows  tho  survival  of  tost  organisms  at  4 C,  -10  C and 
-20  C,  Inoculated  organisms  woro  inaetivntod  within  8 to  20  days  of 
prosorvation,  and  the  inactivation  occurred  more  rapidly  in  35?  NaCl 
than  in  others.  Organisms  3urvivod  for  5 to  15  days  in  soa  water 
woro  oxclusivoly  444, 

4,  Discussion, 

Results  in  this  study  indlcatod  that  V,  parahacmolytlcus  can 
grow  in  3?  MaCl,  and  this  is  in  agrooment  with  tho  results  of  Chun 
ot  al,  (6,7)  who  roportod  tho  growth  of  this  organism  in  phosphato- 
bufforod  salino.  Since  broth  cultures  used  as  inocula  were  finally 
diluted  more  than  100,000  times  in  test  media,  ingredients  of  broth 
contained  in  inocula  seemed  not  to  play  a significant  role  for  growth, 
and  the  nutritional  requirement  of  this  organism  is  supposed  to  be 
very  simple.  Three  percent  NuCl  allowed  the  survival  of  this  organism 
for  more  than  150  days  at  10  C and  above,  but  sea  water  allowed  the 
shorter  survival  than  3r  NaCl,  Sea  water  vjus  collected  at  a beach 
and  it  may  have  been  contaminated  with  human  ’Juste  drained  from  nearby 
communities  and  from  ships,  and  those  contaminants  nay  play  an  adverse 
role  for  the  survival  of  V,  parahuomolyticus.  There  is  also  a 
possibility  that  ingredients  of  sea  water  other  than  NaCl  may  play 
some  role  in  the  shortened  survival.  Ingredients  of  sea  water  will 
vary  according  to  the  place  of  collection,  and  some  soa  water  will 
be  moro  favorable  than  others  for  growth  of  this  organism.  Treatment 
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Table  2.  Survival  of  Vibrio  oarahaemolyticus  in  sea  wuter 
and  Jp  NaCl  at  20  C 


Days  of 
observ. 

Treatment  of 

sea  water 

yf>  IiaCl 

hone 

Filtered 

Bolied 

Sonicated 

0 

7,600 

4,900 

8,100 

5,000 

5,000 

1 

17,600 

10,200 

12,300 

28,000 

230,000 

2 

36,000 

11,000 

146,000 

27,000 

840,000 

3 

1,700 

6,200 

7,400 

36,000 

1,180,000 

5 

280 

5, 500 

1,500 

25,100 

1,030,000 

10 

38 

4,200 

640 

8,100 

925,000 

20 

f 

4,100 

I4?a 

350 

365,000 

30 

2 

3,700 

35 

43 

293,000 

40 

1 

1,200 

30 

38a 

186,000 

50 

0 

66oa 

0 

2 

113,000 

6o 

0 

85 

0 

0 

81,000 

70 

0 

1 

0 

0 

72,000 

80 

0 

0 

0 

0 

45,000 

90 

0 

0 

0 

0 

46,000 

100 

0 

0 

0 

0 

45,000a 

150 

0 

0 

0 

0 

44,300u 

200 

0 

0 

0 

0 

37,900 

25° 

0 

0 

0 

r) 

36,100 

Colonies  were  serotyped  (see  text) 


Table  3.  Survival  of  Vibrio  p-arahaonolvticus  in  son  water 
and  3/  I’aCl  at  10  C 


Days  of 
obsorv. 

Treatment  of 

sea  t,ator 

yjt  NnCl 

None 

Filtered 

Boiled  Sonicated 

0 

7,600 

4,900 

8,100 

5,000 

5,oco 

1 

7,400 

2,200 

4,800 

4,100 

18,000 

2 

3,400 

3,700 

17,700 

3,500 

40,000 

3 

1,320 

3,300 

4,300 

3,200 

86,000 

5 

50* 

2,400 

810 

3,700 

197,000 

8 

0 

1,500 

140 

1,600 

a 5, 000 

10 

0 

1,100 

65* 

565* 

254,000 

20 

0 

150* 

2 

0 

210,000 

30 

0 

110 

C 

0 

59,000 

40 

0 

0 

0 

0 

28,000 

50 

0 

0 

0 

0 

18,400* 

60 

0 

0 

0 

0 

9,100 

?o 

0 

0 

0 

0 

2,900 

80 

0 

0 

0 

0 

700 

90 

0 

0 

c 

0 

650 

300 

0 

0 

0 

0 

330 

150 

0 

c 

0 

0 

112 

200 

0 

0 

0 

0 

103 

a Colonies  were  serotyned  (see  toxt). 


(20) 


Table  4-  Survival  of  Vibrio  parahaemolytlcus  in  sea  water 
and  3$  NuCl 


Tempe- 

rature 

Days  of 
observ. 

Treatment  of  sea  water 

3£  NaCl 

Hone 

Filtered 

Boiled  Sonicated 

4 C 

0 

7,600 

4,900 

8,100 

5,000 

5,000 

1 

3,800 

1,300 

2,600 

1,500 

2,000 

2 

1,300 

1,700 

4,300 

l,6oo 

1,100 

3 

1,5^0 

600 

1,530 

420 

100° 

5 

80a 

330 

040 

310 

40a 

8 

0 

90u 

770 

63 

12 

10 

0 

7 

550 

21a 

0 

15 

0 

0 

iga 

0 

0 

20 

0 

0 

0 

0 

0 

-10  C 

0 

7,600 

4,900 

8,100 

5,000 

7,400 

1 

3,600 

560 

660 

800 

460 

2 

2,300 

550 

420 

850 

4 

3 

720 

180 

350 

340 

1 

5 

152 

40 

83 

175 

0 

8 

0 

33U 

58 

142 

0 

10 

0 

9 

na 

23a 

0 

15 

0 

0 

1 

1 

0 

20 

0 

0 

0 

0 

0 

-20  C 

0 

7,600 

4,900 

8,100 

5,000 

7,400 

1 

2,900 

1,170 

990 

340 

4 

2 

1,720 

418 

186 

339 

3 

3 

530 

113 

71 

105 

l 

5 

114 

15 

60 

49 

0 

8 

65 

26 

44 

16° 

0 

10 

35° 

■ 18a 

3a 

2 

0 

• 

15 

0 

0 

0 

0 

0 

G Colonies  were  so retyped  (see  text). 
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of  sea  water  brought  about  different  results  on  the  survival,  and  the 
reasons  were  not  studied  in  this  report.  The  longest  survival  of 
V.  parahaemolyticus  in  filtered  than  in  other  sea  water  may  be 
related  to  the  filtration  und  elimination  of  marine  contaminants 
which  played  un  adverse  role  for  the  survival  of  this  organism. 

Our  results  on  the  survival  of  V.  parahaemolyticus  for  30  days  at 
10  C in  filtered  sea  wator  und  moro  than  200  duys  in  3$  NaCl  suggest 
u possibility  of  over- wintering  in  sea  water  of  favorable  conditions 
for  survival  in  the  tempo rate  zone  whoro  water  temperature  13  around 
10  C or  above  in  wintor.  No  noticeable  growth  was  notod  ut  10  C,  und 
this  rosult  is  in  ugrooment  with  the  reports  that  tho  critical 
tomporaturo  for  grotrth  is  about  10  C or  above  (1,4,8), 

Number  of  viable  colls  docreasod  without  initial  growth  at  4 C 
or  bcloi?,  with  survival  up  to  5 to  15  duys,  Johnson  ct  nl,  (9) 
roportod  the  survival  of  V,  parohaomolyticus  at  least  3 weeks  in 
oyster  shollstock  ut  rofrigorution  temperature,  and  it  scorns  that 
tho  rofrigorution  for  short  periods  would  not  oliminato  tho  possibility 
of  food  poisoning  duo  to  sou  food.  Since  this  organism  was  rapidly 
inuctivutod  in  distilled  water  (10)  and  in  tup  wator  (Chun,  unpublished 
datu),  thorough  washing  of  sou  food  with  tap  water  is  supposod  to  bo 
an  important  procoduro  for  the  prevention  of  food  poisoning, 

Wc  notod  tho  difforonco  in  tho  survival  timo  by  strains.  Wo 
also  found,  that  ono  strain  of  human  origin  survived  longor  than  a 
marino  strain  at  37  C und  lowered  tomporaturo  resulted  in  tho 
prolonged  survival  of  a marino  strain.  Those  results  suggest  that 
the  incidoneo  of  food  poisoning  duo  to  V,  pa rohaomolytlcus  may  bo 
rolated,  at  loast  in  somo  aspects,  with  tho  prolonged  survial  of 
this  organism  around  37  C. 

5,  Summary, 

Vibrio  parohaomolyticus  propagated  at  37  C and  20  C in  soa  water 
and  3^-NaCl,  and  survived  as  long  as  150  to  200  days  in  3$  NaCl, 

In  soa  water,  tho  survival  was  shortor  than  in  3$  NaCl,  with  varying 
survival  timo  by  tho  treatments  of  soa  wator,  V,  parohaomolyticus 
did  not  grow  in  sou  water  ut  10  C,  but  showed  a slow  growth  in  dfi 
NaCl,  Tho  survival  at  10  C was  more  than  200  days  in  Jk  NaCl  and 
5 to  30  duys  in  sea  water,  i'umbor  organisms  docroasod  mpidly  at 
4 C or  below,  with  survival  of  5 to  15  days. 
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